Whereas the literature evaluating the effect of tort reforms has focused on reported incurred losses, this paper examines the long run effects using a comprehensive sample by state of individual firms writing medical malpractice insurance from 1984-2003. The long run effects of reforms are greater than insurers' expected effects, as five year developed losses and ten year developed losses are below the initially reported incurred losses for those years following reform measures. The quantile regressions show the greatest effects of joint and several liability limits, noneconomic damages caps, and punitive damages reforms for the firms that are at the high end of the loss distribution. These quantile regression results show stronger, more concentrated effects of the reforms than do the OLS and fixed effects estimates for the entire sample. indicate estimated coefficients that are significant at the 99%, 95%, and 90% significance levels, respectively.
Introduction
Since the 1970s, the medical malpractice insurance industry has experienced several periods in which profits have declined rapidly, premiums have risen, and medical providers have reported problems with availability and affordability. To reduce the costs of insurance, many states have enacted a variety of tort reform measures that will reduce award and settlement amounts. There have been three distinct "rounds" of tort reformthe mid-1970s, mid-1980s, and the late 1990s. The influence of such reforms on the medical malpractice insurance industry is of renewed interest because there are increased pressures for additional reform efforts. Medical malpractice currently heads the Bush administration's tort reform agenda.
The focus of the reform efforts has been on various measures that will reduce the amount of losses incurred by the insured. Whether such reforms are desirable from a social policy standpoint is beyond the scope of this study. We should note that a decrease in the amount of losses borne by the insurer typically implies that less money will be paid to injured parties though tort reform is generally not strictly a zero sum game. This paper is concerned with the more narrowly framed empirical issue of whether the reforms did in fact reduce losses, which was their primary intent.
The empirical novelty of our analysis is that it is the first study to assess the longer term effects of the reforms on losses. We consider this "longer term" to be a period of time in which: (1) the losses have been nearly fully developed, and (2) the insurer has had time to correspondingly adjust premiums to reflect the changes in expected losses. To date, insurance-related studies of malpractice crises have focused mainly the shorter term results of tort reform, looking at how insurer losses and loss ratios vary across states with different sets of reforms. These studies use reported losses in calculating the influence of the reform variables, and thus capture the influence of the reforms as "perceived" by the insurer (Barker, 1992; Viscusi et al, 1993; Viscusi and Born, 1995; Born and Viscusi, 1998; and Viscusi and Born, 2004) . The results of these studies indicate, among other things, that the most influential malpractice reform measure is the cap on noneconomic damages, which have had significant effects on reducing incurred losses. These findings are further substantiated by the results of a line of research that focuses on the effects of the reforms on insurance company closed claim data (Danzon, 1984; Danzon, 1986; Sloan et al, 1989; Zuckerman et al, 1990; Yoon, 2001 ). These studies indicate that caps on damages reduce mean payments in medical malpractice cases. Thus, we would expect a subsequent effect on insured losses.
Yet another line of research on the effects of malpractice tort reforms focuses on the effects of the reforms on award payments (Pace, 2004; Studdert et al., 2004) . These studies indicate that caps on non-economic damages did, in fact, result in reduced payments to plaintiffs in cases in which the jury had awarded non-economic damages in excess of the maximum allowable amount. While of course this result is unsurprising, it does confirm that caps do have an impact on tried cases. 1 While examination of court 1 Sharkey (2005) argues that much of the research on the impact of damages caps has ignored the unintended consequences of the caps, such as possible "anchoring" by the jury (jurors may learn of the existence of the cap from the news media), and the "crossover effect" in which plaintiffs lawyers work harder to increase economic damages in states in which non-economic damages are capped (Baker, 1998) . She studied the relationship between damages caps and awards in tried cases using cross sectional data obtained from the National Center for State Courts and the Bureau of Justice Statistics. While both the mean and median award were lower in states with damage caps, when she controlled for injury severity, county characteristics, litigant characteristics, and whether judges are elected or appointed, she found that the relationship was not significant (although the direction and magnitude of the effect in her regression equation was consistent with the differences in the means). awards is interesting, focusing on court awards alone ignores the effect of caps on settlements and on the selection of cases for litigation, which in turn will affect award levels. Our analysis of insurer losses will assess the full effects of tort reforms, not simply one aspect of these influences.
Our longer term analysis of the effect of the tort reforms will also provide a more accurate perspective on the reform effects. If tort reforms did not alter the temporal profile of losses, then analyses based on reported losses would be an accurate reflection of the reform effects. However, the reform may also alter the time path of subsequent losses associated with the policy, given the long tail of medical liability insurance and the time it takes for reforms to have their full effect on court awards. An assessment of the ultimate effects of the tort reforms on losses requires analysis of the developed losses, which capture the actual court and settlement outcomes as influenced by the reforms.
Furthermore, the analysis of the reforms over a longer period of time will illustrate whether some types of reforms take longer to work their way through the system if, for example, they affect how cases are handled generally so that case law has to develop before the effects are realized.
In this article, we use a combination of OLS and quantile regression models to assess the relationships between various tort reform measures and insurer losses. To the extent that the results differ from earlier studies based on contemporaneous measures of losses and loss adjustment expenses, it is because we have additional information on (1) the true impact of the malpractice reforms on insurer underwriting performance and (2) the extent to which perceived effects of the reforms were actually borne out in the legal system. We discuss the construction of our dataset in the next section. This discussion is followed by an illustration of the substantial effect of loss development, which provides further motivation for our particular analytical approach. Our empirical approach and results of our analysis follow, along with our discussion and conclusions. We find that considering the effect of the reforms on losses using both five year and ten year development factors shows that the long run effect of the reforms differs substantially from the short run effects. Typically the effects are greater in the long run, but the relative impact of the reforms and the distribution of the reform effects throughout the insurance market are influenced as well by our use of a longer term perspective.
Data and Methodology
The empirical analysis uses the financial data that insurers submit annually to the National Association of Insurance Commissioners (NAIC). These statements contain detailed information about the insurer's underwriting experience, including by-line and by-state premiums and losses, overall reserves and by-line developed losses incurred. For our analysis, we utilized information from all statements filed by insurers active in underwriting for medical malpractice liability between 1984 and 2003.
Premiums earned were drawn from the annual statements, Schedule P1 Part F.
We took data on losses incurred and loss development from Schedule P2 Part F. 2 For each year in which premiums are earned, we obtained contemporaneous losses incurred and the revised estimates of losses incurred (i.e., development) in each of the next 9 years.
Additional variables drawn from the NAIC data include the number of states in which the insurer operates and the insurer's organizational form. Considering the number of states in which the insurer operates helps to capture the degree to which the insurer is able to diversify operations across different regulatory and legal environments.
Organizational form is included in the analysis to reflect possible differentials in administrative costs and agency issues across the major forms of insurer ownership: stocks, mutuals, reciprocals, and Lloyds. Table 1 presents the sample means of the insurer variables used in the analysis.
Insurer loss development data is only reported at the firm level, and cannot reasonably be allocated to state operations. This aspect of the data complicates our analysis of the influence of state differences in tort reform activity and regulation on insurer performance. Following Born (2001) , we created proxy variables to capture the state differences in tort reform and rate regulation. For each individual insurer operating in one or more states, we created variables to capture the extent to which that insurer is exposed to business in states with a particular characteristic, e.g., a reform measure.
Each of these variables was calculated in the same manner, using 853,048 firm/state/yearlevel observations on medical malpractice liability premiums written. E.g., the joint and several liability variable for firm i in year t operating in states indexed by s is given by
where ModifiedJointSev st = 1 for each state, s, with this reform in place in year t, and 0 otherwise. The average share values for the four reform measures increase through the sample period, indicating that the amount of business written in reformed environments increased, which is consistent with state reform activity. The average values for all insurer share variables in 1984, 1992, and 2003 are shown in Table 2 .
The prevalence of the tort reform regimes differs across states. As indicated in Table 1 , the average share of the business in states with modified joint and several liability or modified collateral source rules is 40 percent, while the prevalence of caps on noneconomic damages or punitive damages is half that. The temporal shifts in the reform variables vary as well, as reflected in Table 2 . In 1984 there were few of these limitations in place, whereas by 1992 over one third of the insurer share of business was in states with modified joint and several liability and modified collateral source rules. By 2003, the average share of business in states with punitive damages caps doubled from the 1992 level. The effect these various measures will have on losses will depend not only on their prevalence but also on the extent to which these various reforms impinge on the levels of damages that plaintiffs would otherwise receive.
Loss Development
Earlier studies of the effects of tort reform on insurer performance made use of current year reported loss information. Reported incurred losses include losses paid and an estimate of losses incurred but not yet reported. The reported figure represents, to some extent, an insurer's expectations of the ultimate payout for policies in that year. This expectation is formed by past experience, whereby the insurer can use past payout history to estimate the ultimate losses if the book of business and types of risks borne by the insurer have not changed markedly.
Insurers use a variety of methods to evaluate the development of losses over time.
Reported losses are adjusted to correct for errors in the estimation of loss reserves. These errors arise from two primary factors: (1) delays in the reporting of claims, and (2) misjudgments in calculating the value of claims. As time passes, the number and value of claims for a particular policy year become more evident. The pattern of loss development can be estimated using past experience, and this projection is essential to the insurer's reserving for future losses.
The relationship between reported and developed losses has been the focus of several different veins of research. Several studies offer a behavioral perspective, suggesting that insurance company managers may intentionally misreport losses to achieve corporate or even personal objectives. 3 Unintentional misreporting results from unforeseen exogenous influences, such as a higher than expected inflation rate which causes higher than expected claims payments (Weiss, 1985) . Significant errors in loss estimates make it difficult to evaluate an insurer's true financial performance. The implications of misreported losses are especially important to reinsurers, who rely greatly on the insurer's estimates of loss development patterns. A recent study suggests that from 1983-1993 property-casualty insurers were systematically overstating their loss reserves (Bierens and Bradford, 2005) .
In the period we analyze, medical malpractice insurers' loss expectations must take into account the largely unknown effects of state tort reform activity on the legal outcomes for which the insurer may be liable. To the extent that past experience does not prove helpful in estimating reserves, we expect that the level of incurred losses reported in a given year may be significantly different than the level reported for that same year of policies in subsequent years. Figure 1 shows the pattern of industry losses based on initial reports and subsequent development for the time period we analyze. The figure indicates the reported losses in each year as well as the developed losses after five and ten years. Although the loss statistics follow a similar pattern of increases and decreases over time, the gap between reported and developed losses is quite different. In the early 1980s developed losses are higher than initially reported, which suggests that the long run loss experience during that period was worse than insurers had predicted. The reverse is true from 1986-1997: developed losses are lower than amounts initially reported, and further development, i.e., from 5 years to 10 years, results in additional reductions in the loss amounts. Although development of losses since 1997 is not complete, the developed losses appear to be greater than reported losses.
Empirical Analysis
If the malpractice tort reforms are influential in affecting insurer performance, then these effects will be evident in the level of losses. Insurer losses are reduced if these reforms have the intended effect of decreasing award and settlement amounts and the number of claims that are litigated. We begin by applying ordinary least squares (OLS) regression methodology to obtain estimates of the reform effects on reported losses, using the following loss equation for firm i at time t:
Log Losses Incurred it =
(1) where Firm i is a 0-1 dummy variable for firm i (i = 2,…N) , and the estimates of α i capture the presence of any statistically significant group effects.
The influence of the tort reforms may vary depending on the type of reform and the nature of the insurer's loss exposure. If the reforms work to limit award amounts, rather than completely eliminating them, then the effects of such measures should increase with the size of the financial stakes involved in the case. Likewise, we would expect little effect on cases that are very small. The reforms are therefore likely to be particularly influential in dampening the losses of firms that are at the high end of the loss distribution. To evaluate the potential differential influence on loss levels of the reform measures we utilize a quantile regression analysis. Equation (3) is the quantile regression counterpart of our linear regression (1):
where β τ is the vector of coefficients for the explanatory variables x at the τ th percentile. 4
More specifically, the estimates will determine the differential effects of the variables x at the 10 th , 25 th , 50 th , 75 th , and 90 th percentiles of the log loss ratio distribution. 5 The estimator for our quantile regression model is
where the sample size is n and ρ is an indicator function that assumes a value of 1 when the inequality holds; otherwise, it is zero. To estimate the asymptotic standard errors we use a bootstrapping technique.
Results of estimating equations (1) -(3) are shown in Table 3 . As expected, the contemporaneous value of premiums earned is strongly related to the insurer's reported loss experience for every set of results. 6 In the first OLS model, two of the four tort 4 See Bassett (1978, 1982) for a description of the approach. 5 The quantile regression at, for example, the 90 th percentile will fit an equation such that 90 percent of the sum of the absolute value of the residuals will involve negative errors and 10 percent will be positive. The large loss firms will tend to be captured at this high quantile. Because we include a measure of earned premiums in the equation, the "large loss" firms are those firms with high losses given their premiums; they are not necessarily the large firms. 6 Since the reform effects are evaluated using firm-level data, the estimated effects are not directly comparable to those obtained earlier using firm-state-level data. Nevertheless, the significant results are consistent with earlier findings (See Born & Viscusi, 1998). reform variables have a significant negative effect on losses: punitive damages reforms and joint and several liability reforms. Somewhat surprisingly, noneconomic damages reforms are not influential despite their prominence in recent reform discussions.
However, the lack of significance in the overall OLS regressions may be because these reforms were not that prevalent during the period of analysis and also because tort reforms my only affect a segment of the distribution of losses, which will be explored using the quantile estimates.
Only one of the reform variables is significant when the OLS model is reestimated with firm fixed effects. The results indicate that the joint and several liability reforms were most influential in reducing losses.
The quantile regression effects provide a different perspective in that these results make it possible for us to analyze the incidence of the reform effects across different percentiles of the loss distribution. Firms with losses at the upper end of the loss distribution benefit the most from tort reforms, with all four reform variables having a significant negative effect on losses at the 75 th percentile and three of the four reform variables having a significant negative effect at the 90 th percentile. The magnitudes of the effects of noneconomic damages caps, punitive damages caps, and joint and several liability reforms are greatest at the 90 th percentile. Notably, noneconomic damages limits are influential for the high loss firms in the 75 th and 90 th percentiles even though these reforms did not have a significant effect overall in the OLS regressions. Few of the lower quantiles exhibit significant influence of the tort reform measures, which suggests that any restraining effect of the reforms appears to be largely concentrated at the upper tail.
The reported losses that are the basis for the estimates in Table 3 4 (1984-1998) and Table 5 (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) are necessarily reduced.
The effects of the tort reforms on losses tend to be greater in the developed loss estimates, as one might expect if the reforms reduced not only initial reported losses but also the subsequent temporal distribution of losses. For the basic OLS estimates and fixed effects OLS results, the magnitudes of the reform variable effects are generally larger than in Table 3 , especially for the estimates using the tenth year development of losses. In these results, the noneconomic damages cap is now statistically significant and of substantial magnitude in the fixed effects OLS regressions. The estimated coefficient suggests that a 10 percent increase in the share of business in states with noneconomic damages caps results in a 3.98 percent decrease in losses. Notably, the fixed effects results for the two sets of developed loss regressions are more similar to the base case OLS results than they were for the reported loss regressions.
For the fifth year and tenth year developed loss estimates, the quantile regression estimates indicate extremely large negative effects of the reform efforts at the median, 75 th and 90 th percentiles. Thus, the developed loss experience indicates a broader effect of the reforms across the distribution of losses than do the reported loss regressions. While on average the tort reforms reduce losses throughout the market, the main effect of the reform efforts is concentrated among the firms that would otherwise have exhibited the worst loss experience. The estimates for the tenth year developed losses indicate that a 10 percent increase in the share of business in states with noneconomic damages caps or punitive damages caps are associated with loss reductions of 4.58 percent and 3.92 percent, respectively, at the 90 th percentile. While some reforms are not significant below the median, the significant effects are all negative, as expected. The comparison of the reform effects on the initially reported losses to their effects on the developed losses indicates that insurers generally underestimated the effects of reforms.
Conclusion
Earlier work suggested that certain malpractice tort reforms have the intended effect on malpractice losses reported by insurance companies. Caps on non-economic damages and limits on joint and several liability are associated with lower levels of reported losses. Because reported losses are heavily weighted toward reserves for claims to be paid in the future, the earlier work largely measured the effect that insurers predicted that tort reform would have on damage awards and settlements, as opposed to the actual effect that tort reform had on awards and settlements. Using developed losses, this research confirms that tort reforms do have the intended effect on the overall level of awards and settlements that insurers pay, and the effect appears to be even larger than insurers predicted. But the effect is not evenly distributed throughout the insurance market. In general, insurers with the largest losses obtain the greatest reductions in those losses from tort reform, suggesting that the impact of tort reform is greatest on large claims. Ln ( Ln ( 
